This study aimed to estimate the redistribution of rainfall in a Caatinga vegetation fragment of about 50 years in fallow system, in late stage of regeneration. To quantify the throughfall, rainfall collectors were installed in six individuals of the species Croton blanchetianus, Mimosa tenuiflora, Cnidoscolus quercifolius, Aspidosperma pyrifolium and Poincianella bracteosa, totaling 30 rainfall collectors. For the stemflow, collecting system set around the stems of the six subjects in each of the five selected species was used, consisting of collecting gutters in a spiral. In addition, a rain gauge was installed in an open location to quantify the open precipitation, which during the study period was equal to 1173.56 mm. The C. quercifolius species had the highest average of throughfall; probably this may be related to the peculiarities in relation to architecture and canopy shape. The stemflow has lower shares in gross precipitation in A. pyrifolium and C. quercifolius species, representing 15.25 to 12.48% of the total rainfall, respectively. The values obtained for the interception losses were greater than 60% in all species.
INTRODUCTION
The vegetation play a key role in the Earth System as it can control the soil erosion, the runoff generation, the infiltration process, and the soil properties (Cerdà and Doerr, 2005; Keesstra et al., 2009; Keesstra, 2007; Barua and Haque, 2013; Novara et al., 2011; Cadaret et al., 2016; Archer et al., 2016) .
Rainfall participates in nutrient cycling, after contacting the forest canopy, as rainwater has its physical and chemical attributes modified by leaching of the metabolites of leaf tissues, stems and branches. In addition, rainfall washes the particles derived from dry deposition that subsequently accumulates in the dry *Corresponding author. E-mail: ane.silva@ifpb.edu.br. Tel: +55 84 9 81708294.
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Rain comprises, therefore, a significant compartment in the internal dynamics of nutrients in a forest ecosystem (Parker, 1983) , delivering the nutrients that are dissolved to be absorbed by the roots.
During the water cycle, part of the volume of rainfall entering the ecosystem is retained by the leaves of the canopy, evaporating because of the temperature, solar radiation and wind. Another part reaches the forest floor, after washing the canopies and stems, with the possibility to suffer percolation or to be superficially drained (Delitti, 1995) .
The percolated water, when exceeds the holding capacity of the soil, moves to the groundwater leaching some nutrients, leaving the ecosystem. Yet the water stored in the soil constitutes the soil solution where nutrients are in forms that are assimilable by plants, representing the reservation that plants will absorb to perform the metabolic activities (Britez, 1994) .
The volume of water that cannot infiltrate the soil drains superficially. In high rainfall, when the volume and energy of the drained water are higher, fine soil particles are carried along with the water, leading to erosion, often intense, especially in areas with low vegetation, like the degraded areas of Caatinga. The plant biomass contributes to rainwater interception, providing its storage in the soil and the increase in infiltration rates (Olson, 1963) .
Forest cover has significant influence on the redistribution of rainfall in all ecosystems, thus, the study of redistribution of rainwater in forest ecosystems is important for understanding the processes of interception, infiltration, percolation, uptake, transpiration and cycling of nutrients in forest ecosystems.
For Ferreira et al. (2005) , the interception of rain by the plant canopy is a vitally important component to understand the hydrological cycle since this varies according to the morphological aspect of the vegetation (age, canopy, architecture), to the dominant precipitation regime in the region and the time of year. Yet the precipitation that runs through the canopy (incident rainfall) and reaches the forest floor depending on the nature and density of the vegetation, since this coverage temporarily retains certain amount of incident precipitation.
According to Bruijnzeel (1990) , tropical forests, in general, reach variations of throughfall between 75 and 96%, the stemflow varies between 1 and 2%, and the interception by vegetation between 4.5 and 24% of the gross precipitation. However, it appears that the interception, internal precepitation and stemflow are parameters that have widely varying values within one or more ecosystems (Arcova et al., 2003; Ferreira et al., 2005; Oliveira Júnior and Dias, 2005; Germer et al., 2006; Oliveira et al., 2008; Medeiros et al., 2009; Izidio et al., 2013; Sousa et al., 2016) .
The type of vegetation involves different characteristics in the soil and water properties in a given ecosystem; forest degradation has significantly favored the erosion in vast areas, with damage to hydrological processes and biodiversity (Freitas et al., 2013) . Despite the relevance of the water study in forest areas, especially in degraded and susceptible to erosion' environments, there are few studies related to the distribution of rainwater in areas of Caatinga. This study aimed to estimate the redistribution of rainfall in a Caatinga vegetation fragment of about 50 years in fallow system, in late stage of regeneration.
MATERIALS AND METHODS

Study area
The research was conducted in an area of Caatinga located in Cachoeira of São Porfirio Farm's, Várzea district, microrregion of Western Seridó, Paraíba backwoods, placed in the coordinates 06° 48' 35" S and 36° 57' 15" W, with an average altitude of 271 m.
The climate of the study area is characterized as semi-arid, BSh' type (hot and dry) according to the Köppen classification. The average annual rainfall is between 400 and 600 mm, with a dry period of nine to ten months and average temperatures higher than 18°C in all months of the year; peak means around 33°C and minimum of 22°C (IBGE, 2002) .
The study area soils are of crystalline origin, being shallow, stony and with high susceptibility to erosion, prevailing the association of Litholic Neosols, Luvisols and rocky outcrops.
The location where the research was implemented consists of an open arboreal-shrubby Caatinga vegetation with varying degrees of anthropism, with medium-low trees not exceeding 7.0 m in height. The natural vegetation of the area was cleared for the implementation of agricultural crops, mainly for cotton planting, being subsequently used as areas of goats and cattle grazing, occurring regeneration of the vegetation.
In the study area, we demarcated a transect 20.0 m × 50.0 m in size. The area has about 50 years of fallow, vegetation type in the most advanced stage of successional development, constituting a complex and with high floristic diversity community.
METHODOLOGY
In an open area located in about 200 m from the study area, the gross precipitation (P) was recorded by one (01) rainfall collector, made of wooden and polyethylene terephthalate (PET) gauges. The hand-made rain gauges are made up of a funnel with a circular opening of 9.2 cm in diameter and 2 L containers and installed 1.5 m above the ground (Figure 1a) . The water accumulated in these rainfall collectors was conducted by hoses located at the lower end, this being stored in PET plastic containers fixed on the ground. This water is considered as a control, corresponded to the water that precipitated directly on the ground, without passing through the leaves or flowing through the stem.
Rainfall collectors like the previous ones were used to estimate the throughfall, distributed below the canopy of five Catinga species (Croton blanchetianus Baill, Mimosa tenuiflora Poiret, Cnidosculus quercifolius Pohl, Aspidosperma pyrifolium Mart, and Poincianella bracteosa (Tul.) L.P. Queiroz). These species were selected following the importance value (IV) determined by Sousa (2011) . For each species, six replicates, totaling 30 individuals.
In each rain event, the stored precipitation volumes measured in milliliters in the field and, based on the dimensions of the containers, then converted into millimeters using the equation described in Gênova et al. (2007) :
For quantification of the stemflow, a collecting system set around the stems of the six individuals of each of the five selected species was developed, consisting of plastic hose of an inch, cut longitudinally, and thus becoming "collecting gutters" for the captation of the amount drained ( Figure 1b ). The collecting gutters were fixed in the form of spiral, following the circumference of the tree trunks, being used, for that, nails and glue based on cassava mass. Rainwater captured was directed to PET plastic containers positioned vertically and fixed to the ground, methodology adapted from Moura et al. (2009) . The stemflow was estimated in millimeters of water, by the mean of the volume stored in tanks and a conversion factor of 113.64 m², namely, due to its populational density, which has been estimated by dividing the values of size of the experimental area by the five species selected.
After obtaining the data, interception losses were estimated according to the equation defined by Helvey and Patric (1965): where I = interception losses, P = gross precipitation, T = throughfall, and Sf = stemflow.
To study the behavior of throughfall, stemflow and standards of interception losses among species, were estimated for leaf area, canopy projection area (CPA), diameter at chest level (DCL) and basal area (g).
The determination of the leaf area was carried out considering the dimensions of 102 leaves of varying sizes including from the smallest to the largest sizes, which were collected randomly throughout the canopy of individuals of the species. The leaves collected were accommodated in cooler in order to avoid the loss of turgor during the determinations. The leaves were scanned on white background material, and for the direct measurement of leaf area, the digital images were manipulated using the ImageJ® Software (Powerful Image Analysis), calculating the actual total area of each leaf (Jadoski et al., 2012) .
DCL measurement of each individual of the species studied was held using tape measure, used in determining the basal area of each individual. To study the canopy, four each individual canopies radii were measured, following the north-south-east-west orientation, getting the average canopy diameter (CD) for calculating the canopy projection area (Wink et al., 2012) .
Statistical analyses
For the analysis of throughfall and stemflow among the studied species, first, the normality of the distribution was verified by the Lillifors test and the analysis of variance (ANOVA one-way) performed. Means were compared by 5% Tukey test. As for the analysis of throughfall and stemflow during the months studied, the species were analyzed separately.
RESULTS AND DISCUSSION
The gross precipitation data recorded in the study area shows the irregular distribution of rainfall during the study period (Figure 2) .
The gross precipitation in the study area in the twentythree months of study was estimated to be 1,173.56 mm. In 2011, the gross precipitation in the study area was 961.5 mm, as expected in the region, considering the average annual rainfall (300 to 1000 mm). The highest monthly rainfall was of 345.92 mm, corresponding to May/2011. In March/2012, only 4.00 mm was recorded.
No rainfall was recorded during the months of November/2010, July, September, November and December/2011. In addition, there was no water storage in rainfall collectors in the months of June and August/2011 and March/2012, which may be related to low rainfall that occurred in those months. Therefore, thirteen months of rainfall events was used in this study.
This distribution confirms the irregular pattern of rainfall distribution in the study region with long periods of drought and high rainfall concentrated in a few months. The Caatinga is conditioned by the semi-arid climate, with high rates of potential evapotranspiration during the year and low annual rainfall (300 to 1000 mm), normally limited to 3 to 5 months with large temporal irregularity (Reddy, 1983; Santana, 2005) . The total amount estimated for the throughfall ranged from 12.80 to 21.20% between species during the study period, following the descending order: C. quercifolius > A. pyrifolium > M. tenuiflora > C. blanchetianus > P. bracteosa (Table 1) .
In this study, the same rainfall characteristics and meteorological conditions, the differentiated rainfall distribution among the five species can thus be mostly attributable to their differences in morphological characteristics. C. quercifolius has a more open crown (Figure 3a) , despite the larger leaf area (Table 2) , which facilitates water flow in the throughfall.
The stemflow has lower shares in the total precipitated in A. pyrifolium and C. quercifolius species, representing 15.25 and 12.48% of the gross precipitation, respectively. These results are above those verified by Izidio et al. The values obtained for the interception losses were greater than 60%, higher values when compared to Izidio et al. (2013) in dense Caatinga with 17.9% of the precipitate value. These results were obtained by species which still still exceed those found in other forest formations that are below 30% of total rainfall, as Lima and Nicolielo (1983) with 12% in tropical pine forests and 27% for the cerrado, and Franken et al. (1982) with 19.8% in the Amazon forest of solid ground type. On the other hand, Thomaz (2005) found 52.4% loss by capoeira interception, being the closest to the results reported in the present study. The higher evaporation rates, characteristic of the study region, as well as the predominance of events of low precipitation can cause more intercepted rainfall water back to air and thus reduced throughfall through the canopy.
The results found for C. blanchetianus indicate a greater efficiency of the stemflow production and a smaller loss of interception than the other species, which has a significant competitive advantage to face periods of water deficit, characteristic of the region.
The results of throughfall, stemflow and interception losses presented in this study, regardless of the species, differ in the proportion cited by Bruijnzeel (1990) in tropical forests, where 75 to 96% of the precipitation becomes throughfall, between 1 and 2% is converted into stemflow and between 4.5 and 24% is intercepted by the canopies of trees. In studies reported for different forest types, the mean values of throughfall, stemflow and interception losses are discrepant. The throughfall was lower than those found by Fan et al. (2014) The differences in the partition of gross precipitation are consequences of the characteristics of the forest community, such as species composition, height, basal area, canopy cover and rainfall characteristics, such as intensity, and conditions controlling evaporation area. These percentages below the average are compared to other studies related to the type of formation of the upper canopy leaves of the Caatinga region analyzed, since each ecosystem has distinct characteristics differentiating the redistribution of rainwater, especially the dendrological and phenological patterns of the species studied. The quantities of water involved in throughfall, in stemflow and interception are variable and depend on factors related to both the vegetation and the climatic conditions in which the forest is inserted (Leopoldo and Conte, 1985; Lima and Nicolielo, 1983) .
The C. quercifolius species had the highest average of throughfall compared to the others, probably this can be related to the peculiarities of the species in relation to architecture and form of canopy, despite the species presents the highest average of leaf area, the projection area of its canopy was the lowest (Table 2) .
Notwithstanding, P. bracteosa showed the lowest proportion of throughfall, that is, less water crossed the canopy of this species to reach the soil, which may be related to its higher leaf area (21.70 cm²), which favors the rainwater interception and the denser crown (Figura 3b) .
Regarding the interception of rainfall precipitation, the C. quercifolius had the highest average, the possible explanation is the large leaf area of the species hindering the rain crossing through the canopy, favoring the evaporation of rainwater. Furthermore, the stemflow of this species was the lowest, influencing the calculation of the loss by interception. This low flow is due to the existing amount of branches along the stem of the species which interferes in the fixation of the collecting gutters, reflecting the obtained data (Figure 3c) .
The low value lost by interception of the C. blanchetianus is closely related to the greater stemflow (24.51%) observed in the species. Despite the basal area and DCL were smaller in C. blanchetianus, a smooth and without ramifications stem favored the dripping to the ground (Figura 2d). In smooth stem species, the volume of flow is greater than in those with rough bark.
In Table 3 , it shows the relationship between the variables stemflow, throughfall and loss by interception with the parameters leaf area, canopy projection area, DCL and basal area, one can observe that there was no significant correlation between them.
To Lima (1986) , the throughfall varies highly in the same species and between species and requires the use of various gauges below the canopy to minimize this effect. The use of a considerable amount of gauges may facilitate the calculation of the average of the spaces in which occurs the concentration of water droplets, at some points in detriment of others (Regalado and Ritter, 2010) .
In May, 2011, throughfall was higher in M. tenuiflora with 48.37%. M. tenuiflora features open canopy, where there is a predominance of leaflets, which explains the higher throughfall that occurred. Throughfall values are influenced by canopy density and the shape of the canopy of trees, which will determine a higher or lower throughfall (Freitas et al., 2013) .
In general, throughfall was higher in the class of higher amount of rain, regardless of the species (Table 4) .
In the rains of smaller amplitude, most of the water is retained by the dried leaves and twigs and evaporated to the atmosphere. Yet in the most intense rains, part of the precipitated water is retained in the vegetation mass, which is saturated, and the remaining water is then drained, increasing throughfall and stemflow. But these processes depend on the characteristics of the previous rainfall event, such as volume and intensity, the type and density of vegetation and the season (Balbinot et al., 2008; Medeiros et al., 2009; Izidio et al., 2013) . With regard to the monthly variation, it is observed that the water drained by the stem was recorded in all evaluated months, and in June, 2011 the species had the lowest proportions.
The P. bracteosa species, M. tenuiflora and C. quercifolius, had the highest percentages of stemflow in October, 2010, while A. pyrifolium and C. blanchetianus in March, 2012 , when it rained only 4.00 mm.
The stemflow is effective in the reposition of water to the ground, since the friction of the water with the bark of plants, besides being directed close to the roots, which diminishes the superficial runoff, allowing this water to easily infiltrate into the soil, reduces the speed of arrival to the ground. Therefore, the stemflow is especially important during low rainfall occurring during the dry season, providing higher soil moisture close to the plant roots in the Caatinga and the maintenance of photosynthetic rates and other functions in their metabolism.
In Table 5 , it is observed that in the precipitations of lower amplitude, the amount of water drained by the stem is higher regardless of species, and the C. quercifolius obtained the lowest percentage of the precipitation drained by the stem (13.13%) in this class.
C. blanchetianus had the highest average of water drained by the stem (26.86%) in the smallest class of precipitation, suggesting that the species has a better use of precipitated water during the lower rainfall, typical of the dry period, as well as P. bracteosa, that also recorded high value. This feature may reflect a longer time for the occurrence of senescence of leaves by the better use of water by the roots.
The interception losses in the studied species remained high during all months of study, peaking in June, 2011 with values above 92%. P. bracteosa obtained a low proportion of intercepted precipitation in October, 2010 (10.74%), compared with the other species. Probably the species was defoliated (dry season) by reducing the contact surface of the precipitated water. Yet A. pyrifolium intercepted almost the entire precipitation (99.35%) in June, 2011, when it rained 18.05 mm. This species has large leaf area, when compared with the other species of the study. Moreover, A. pyrifolium has dense canopy obstructing the passage of rainwater, favoring its loss by evaporation.
In the precipitations of intermediate amplitude, the amount of water lost by interception is greater, regardless of the species, and the P. bracteosa had the highest mean percentage of intercepted precipitation (83.18%) ( Table 6 ). This occurs because in the intermediate class the volume of rain, although high, is retained in the leaves and twigs and the precipitations involved in this class occurred at the beginning of the rainy season (February, 2011) , after prolonged drought causing the plant biomass dry up, allowing greater water retention in the very first rains. However, in the class of the highest amplitude of rain, the interception losses are low when it is compared to the other species, because these precipitations have a higher intensity and occurred in the middle of the rainy season when the parts of the plants were already saturated, favoring the stemflow and the throughfall. When compared with other studies in various forest formations, it is verified that the pattern of loss by interception obtained in this study is not similar, as in most studies the major parts of the water intercepted by vegetation occur in the classes of lower range of rainfall (Thomaz, 2005; Moura et al., 2009; Calux and Thomaz, 2013) . Izidio et al. (2013) , studying the rain interception in dense Caatinga, found greater interception losses in the classes with lower range of rainfall, differentiating from the present study. It may be related to numerous factors such as different methodologies, conditions of uneven vegetation, such as the preservation and type of vegetation, the distribution patterns of rainfall in space and time, among others.
The data of gross precipitation and throughfall, of the stemflow and of the loss by interception underwent regression analysis by species, whose results are shown in Table 7 . In the species studied, the stemflow showed high relation with the amount of gross precipitation, with the lowest value of the determination coefficient (R 2 ) of 50.61% in M. tenuiflora species.
The throughfall, in turn, showed low relations with the gross precipitation in the study period, with R 2 varying between 34.51 (C. blanchetianus) and 47.36% (M. tenuiflora). The species M. tenuiflora, A. pyrifolium and C. quercifolius, in this descending order, obtained the highest relations between the interception losses and gross precipitation with R² equal to 93.62, 78.97 and 74.20%, respectively. While the P. bracteosa and C. blanchetianus showed determination coefficient below 60%.
Conclusions
The results of this study demonstrate that rainfall distribution differences among the five species evaluated under the same meteorological conditions and rainfall characteristics were not related to the leaf area, CPA, DCL and basal area differences between them. M. tenuiflora showed greater throughfall in rain events of greater amplitude. The stemflow was more significant in the dry season, especially in species without bifurcations and smooth bark. C. blanchetianus had a higher result for stemflow in the lowest precipitation class, suggesting that this species has a better use of precipitated water during the smaller precipitations, typical of the dry period in the region.
The annual loss by interception was higher in C. quercifolius. The water lost by interception represented the largest proportion of gross precipitation in all species. This condition may aggravate the water yield of this dry forest.
